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Abstract

Two years of observations of upper tropospheric (UT) carbon monoxide (CO) from the Aura Microwave Limb Sounder are analyzed; in combination
with the CO surface emission climatology and data from the NCEP analyses. It is shown that spatial distribution, temporal variation and long-range
transport of UT CO are closely related to the surface emissions, deep-convection and horizontal winds. Over the Asian monsoon region, surface emission
of CO peaks in boreal spring due to high biomass burning in addition to anthropogenic emission. However, the UT CO peaks in summer when convection
is strongest and surface emission of CO is dominated by anthropogenic source. The long-range transport of CO from Southeast Asia across the Pacific to
North America, which occurs most frequently during boreal summer, is thus a clear imprint of Asian anthropogenic pollution influencing global air quality.

Sporadic long-range transport of CO in the upper troposphere
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= The CO distribution varies with height; Plumes of CO
wg episodically extend from South Asia across the
= Pacific reaching the U.S. west coast following the
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4 = At 100 mb, the enhanced CO is mostly concentrated
over the Tibetan Plateau due to a strong “trapping
as% effect” of the Asian summer monsoon anticyclone.
75§ = At 147 mb and 215 mb, outflow of CO-rich air is
:og observed to emanate from South Asia, following the
mid-latitude westerly jet across the North Pacific and
= eventually reaching the western United States.
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lﬂ’g Figure 1. MLS measured CO (V1.5) mean mixing ratios for
1209 21-26 May, 1-6 June and 11-16 June 2006 at three upper
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10 tropospheric pressure levels. The white arrows are the mean
NCEP vector winds (U,V) at the same pressure levels.
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Connection between surface emission, deep-convection and upper tropospheric CO
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= Surface Emission: The anthropogenic
emission is approximately unchanged
throughout year; Bio-mass burning in
South Asia usually peaks in spring and
weakens in summer and fall.
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Convection in the South Asia, as
indicated by the MLS IWC and NCEP
OLR, is the strongest in summer,
associated with Asian monsoon,

and lasts until early fall.
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Upper-tropospheric CO loading, as
observed by MLS, maximizes in
summer, resulted from convective
transport of surface emitted CO
(mostly from anthropogenic sources)
into the upper-troposphere.
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Figure 2. From left to right columns are monthly mean values (January, April, July, October 2006) averaged on 8°x4° longitude by latitude grids. From
bottom panel and up: (a) Bio-mass burning emissions of CO (color-filled contour) and NCEP sea-level-pressures (line-contour); (b) Anthropogenic CO
emissions (color-filled contour) and the 700 hPa vector winds (U,V) from NCEP analysis; (c) MLS measured IWC at 215 hPa and the 240 W/m? OLR
contours in white line contours for the tropical region from NCEP (low OLR in the high-latitude are not shown); (d), (e) and (f) are MLS measured CO
mixing ratios at 215hPa, 147hPa, and 100hPa pressure levels, respectively, over plotted by NCEP vector winds at same pressures levels.
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Seasonality of long-range transport in the upper-troposphere
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Southeast Asia (Lat 5*45'N; Lon 80°-120) Northwest Pecific (Lat 20%-45°N; Lon 140°-170°) Northeast Pacific (Lat 20°-45'N; Lon 190°-220) = Southeast Asia: The variability of upper-

tropospheric CO closely follows the

: os L o seasonal cycle of deep-convection, which
g o9 09 9 reaches maximum in July, when CO is
I * * mostly from anthropogenic emissions.
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Northwest Pacific: Little CO emission,

smaller variation in convection. CO and

cirrus amount change in the same phase
as those over the Southeast Asia,

SRS ITEes indicating the outflow of CO rich air and

e T the detrainment of cirrus clouds from

B South Asia.
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Northeast Pacific: Zero CO emission and
changes of CO do not follow variation of
convection in the region. The seasonal

T variation of CO is likely controlled by the
long-range transport from Southeast Asia.
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Figure 3. Top-panels: Time evolution of monthly mean 147 hPa MLS CO anomaly (thick green-line), 147 hPa MLS IWC (blue-line), and NCEP OLR
above 240 W/m2 (black-line). Mid-panels: Time evolution of monthly mean CO emissions from biomass burning (dashed-line) and anthropogenic
(solid-line) sources. Lower-panels: Scatter plots of MLS CO versus IWCs at 147 hPa. Panels moving from left to right are for regions of Southeast
Asia, Northwest Pacific and Northeast Pacific. All data are 8° x 4° (longitude by latitude) gridded averages. The scatter plots consist 25 monthly
mean data from September 2004 to September 2006.

Typical transport regimes of upper-troposphere CO

Increasing CO with
greater emission

= The distribution of CO in the upper troposphere
is controlled by a combination of surface
emissions, deep convection, and winds.

Typical regimes:

| Strong deep convection deposits surface CO
emissions into the upper troposphere.

Il Convection is strong but surface emissions
low; observed high CO arises from convective
lofting of CO transported from another area.

1l No convection, low emissions; CO
enhancements arise from long-range transport 0.01
of CO-rich air.

IV Large surface emissions but no convection or
horizontal transport.

Increasing CO with
stronger convection
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Figure 4. Contour plots of MLS CO mixing ratio at 147 hPa binned according
to the total surface emission and MLS IWC amount at same pressure. All data
are monthly mean values from September 2004 to September 2006 on 8°x4°
longitude by latitude grids.
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